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[57] ABSTRACT 

A liquid crystal di sp lays pparatu s detects and regulates 
its dis play contrast. A liquid crystal display unit is pro- 
vided therein with a pair of liquid crystal cells for use in 
detection of the display contrast; Incident light is de- 
tected through the cells, and t he detected resul ts,are.fed_ 
. back to__ controLa-drive voltage_applied-to-the-liQuid 
crystal display unit so as to automatically re g ulate the 
display contrast at optimum level. 

1 Claim, 2 Drawing Sheets 
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7 for detecting an intensity of transmitting light, there is 
LIQUID CRYSTAL DISPLAY. DEVICE WITH provided a light source 1 which emits an incident lieht. 

AUTOMATIC CONSTRAST CONTROL Aj pair of liquid cry stal monitpj_c ells 2a and 2/>"are 

provided.in.or-around a liouid crvstal disp lay panel 2 for 
BACKGROUND OF THE INVENTION 5 jejadvi^^ 

The present invention relates to automatic contrast JteldJiLa n ON state or i^ntran smissi\Le ,state and the 

control of a liquid crystal display device for use in a .othfir-incjiiicj^ 

persona! computer etc. ...missive stoic A pair of photosensors 3a_ and.36.are_dis- 

Conventionally, contrast adjustment of the liquid posed behindjhe correspondin g monitor cells 2a an dL2& 

crystal display is effected manually by increasing on 10 to receive the transmitted light. The photosensors 3a 

decreasing a drive voltage applied to a liquid crystal. and 3b res p ectively feed volta ge_or_current.signajs_rep- ' 

For example, in contrast adjustment of a liquid crystal rcsentatw gjpf the in tensities ojJhe^receLYecLlight jp_a_ 

display device used in a personal computer, on adjust- f^ntmt dftfcting-unit j*. The contrast-detecting.unit 4 

ing volume resistor or variable resister is manipulated dete cts a difference b etween the inputted voltaee^or* 

by an operator to obtain an optimum contrast of the 15 current signals fr om the pair of photosensors 3a and 3 b, 

display in a well known manner. and irpro^uceTa^cxmverted e lectric signal according^d' 

However, in the conventional manual adjustment the detected d i fference to a volt age control unit 5,The 

method, the adjusting volume resistor must be exposed volta geoontr ol unit 5 o per ates accordin g tolhe input- 

on an outerior of the display device, thereby causing ted electric si g nal so as to co ntrol an output voltage of 

difficulty, particularly, mechanical and exterior design a stabilized power su pply unit 6. The con trol uni t 5 is 

of a portable display device such as a handy display p ^ded_with4he.functior^ value of the 

terminal Further some type of the display device is not electric signal The s tabilized power su^ pl ^mTO s 

provided with the adjusting function, and, instead, it congnicje^ 

uses highly precise components so as to improve accu- tEJjfliiidiW "~ 

racy of drive voltage applied to the liquid crystal, 25 Jn such q ^ st Z x £ P Mt the difference m the 

S in'Srrv 0 '" 5 ' m pr0duCl,0n C0St and dcgra ' transmitted light intensities is detected between the 
oation m reliability. Hquid crystfl] monitor ^ ^ ^ ^ QN ^ ^ ^ 

SUMMARY OF THE INVENTION other liquid crystal monitor cell 2b in the OFF state. 
In order to solve the above noted problems, an object 30 Tbecp^l 
of the present invention is to provide a liquid crystal jPPligj^KeJLquid crystal dispJay^ai^o.asJo^ub^ 
display device having an automatic contrast control ga^y,maximuejhejniensity difference to thereby 
function. The device is comprised of a liquid crystal automatical ly.set-an-c^timiuiucontrast^f^r^dispiay^ 
display unit having a liquid crystal monitor cell for use J h , c }^ md cr y stal dls P la y P anel must 06 dnvcn b V m 
in detection of display contrast, a photo-sensing unit for 35 AC dnve voltage due to its nature. There have been 
detecting an intensity of incident light transmitted as the proposed various driving methods. For example, the 
monitor cell and for converting the detected intensity ll ^ ujd crvstal dls P Ifl y P^ 1 * a y be dynamically driven 
into a corresponding signal, a contrast detecting unit in a * bias and 1 dutv mod . e - FIG - 2A ^ ows m arrange- 
receptive of the corresponding signal for producing an ment of the hcmid crystal monitor ceils dynamically 
electric signal representative of the display contrast of 40 driven for detecting the display contrast, and FIG. 2B 
the liquid crystal display unit, _? vnlXj^.cpnjroLunit shows waveforms of driving voltage applied to the 
recepti ve ofj he,ckcuic_sig nal for produc ing a^controf crystal display panel. In the figures, COM de- 
sign al or outpuLsignal effective to control a drive vol t- notcs a common drive line of the liquid crystal monitor 
'a ge applied to the liquid crvstal dis play unit T and astabi- celIs 2° and 2b > SEG on denotes a segment drive line 
fized power supply unit receptive of the control signal 45 connected to the ON cell 2a held in the ON state, and 
for stabilizing the drive voltage and for supplying the SEG off denotes another segment drive line connected 
stabilized drive voltage to the liquid crystal display unit to the OFF cell 2b held in the OFF state. Vdd t VI and 

V2 denote different drive voltage levels, and they have 

BRIEF DESCRIPTION OF THE DRAWINGS a relation V 2 +(Vdd - V2)/2 = V1. 

FIG. 1 is a basic circuit block diagram of the inven- 50 PIG. 3 shows the relation between the liquid crystal 
tive display device; drive voltage and the light transmittance, measured 

FIG. 2A is a schematic diagram showing a pair of when the liquid crystal monitor cells are driven by the 
liquid crystal monitor cells for detecting display con- particular method shown in FIG. 2B so as to detect or 
trast; monitor the display contrast. When gradually raising 

FIG. 2B is a diagram showing an example of dynamic 55 the liquid crystal drive voltage from a significantly low 
drive voltage waveforms; level, the light transmittance difference is developed 

FIG. 3 is a graph showing the relation between the between the OFF cell and the ON cell at the voltage 
liquid crystal drive voltage and the light transmittance; level VI, and reaches the maximum value at the voltage 

FIG. 4 is a circuit diagram showing an embodiment level Vm, and then diminishes at the voltage level Vh. 
of the inventive display device; and 60 The light transmittance difference indicates the display 

FIG. 5 is a diagram showing voltage levels developed contrast. Therefore, the Hquid crystal drive voltage is 
in the various parts of the FIG. 4 circuit. set to substantially the optimum voltage level Vm so as 

ncTAll ™ nccruiDTinM r>c TMi/cvrnnM t0 oblain the g ener ally good contrast. Namely, the cir- 
DETAILED DESCRIPTION OF INVENTION cui( ^ shown m Fia j can operate t0 

Hereinafter, one embodiment of the present invention 65 automatically set the optimum display contrast of the 

will be described in conjunction with the drawings. liquid crystal display panel. 

FIG. 1 is a basic circuit block diagram showing a basic The actual light transmittance curve of the liquid 

circuit structure according to the invention. In a block crystal display panel includes an AC component; how- 
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ever, the FIG. 3 graph simply shows a mean value 
curve in order to facilitate the understanding of the 
description. 

Next, a description is given for the detailed circuit 
structure of the inventive display device in conjunction 5 
with FIG. 4 which shows a circuit structure and with 
FIG. 5 which shows a voltage variation at various parts 
in terms of time. Referring to FIGS. 4 and 5, a liquid 
crystal display panel 12 is driven by a liquid crystal 
driver 20. Its drive voltage Vc is supplied from a stabi- m 
Hzed power supply unit comprised of a non-inverting 
amplifier 18 and a transistor 19. The liquid crystal dis- 
play panel 12 contains therein a pair of OFF cell 12a 
and ON cell 12b for detecting display contrast. 

In operation, a pair of light-emitting diodes 11a and 15 
lib emit incident light which passes through the corre- 
sponding OFF cell 12a and ON cell 12*. and which is 
then received by corresponding photodiodes 13a and 
IZb. Resistors connected in series to the respective pho- 
todiodes 13a and 136 convert the photocurrents into ^ 
corresponding voltage signals, which are inputted into a 
differential amplifier 14. 

The differential amplifier 14 produces an output volt- 
age Va which indicates ihe intensity difference of the 
transmitted light between the OFF cell 12a and the ON 25 
cell 12b. i.e., the display contrast. The output voltage 
Va is amplified by a certain factor and then is added 
with an offset voltage Vr. This offset voltage Vr is 
needed for the following reason. Referring back to 30 
FIG. 3 which shows the relation between the liquid 
crystal drive voltage and the light transmiuance, the 
effective display contrast can be observed in a limited 
drive voltage range from VI to Vh. Therefore, if the 
offset voltage Vr were eliminated from the FIG. 4 cir- 35 
cuit structure, the circuit would not be operative in the 
state where no contrast develops. Therefore, it is 
needed to add provisionally the appropriate offset volt- 
age Vr. The suitable or optimum value of Vr can be set 
by driving (Vm- Vl)/2 by an amplification factor of 40 
the succeeding non-invening amplifier 18. 

Returning to FIGS. 4 and 5, the output voltage of the 
inverting amplifier 15 is fed to a peak-hold circuit com- 
posed of a diode 16 and a capacitor 17 so as to hold the 
maximum value of the varying output voltage. The thus 45 
held maximum voltage value is applied to a non-invert- 
ing terminal of the non-inverting amplifier 18 in the 
form of a voltage signal Vb. As described before, the 
non-inverting amplifier 18 constitutes the stabilized 
power source circuit together with the transistor 19 so 50 
as to supply a voltage signal Vc which is obtained by 
amplifying the voltage signal Vb with a desired amplifi- 
cation factor to the liquid crystal driver 20. The voltage 
signal Vc corresponds 10 the liquid crystal drive voltage 
indicated in FIG. 3. This drive voltage gradually in- 55 
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creases from a level of (Vm- Vl)/2, and is then held at 
Vc= Vm where the contrast becomes maximum. 

FIG. 1 and FIG. 4 show only an example of the basic 
circuit structure to realize the invention, and are not 
intended to limit the technical scope of the invention. 
The present invention may be realized by other ways. 
For example, a single liquid monitor ceil may be used 
for detecting the display contrast. Namely, the signal 
monitor cell may be driven in a time-sharing mode to 
detect the light transmittance intensity in the OFF state 
and ON state. Further, the incorporated light source 
can be removed and instead an external light can be 
utilized as incident light. Moreover, the light-emitting 
diodes lla and lib and the photodiodes 13a and 136 
may be arranged relative to the liquid crystal display 
panel 12 at a particular angle identical to the optimum 
viewing angle thereof in the FIG. 4 structure in order to 
obtain the optimum contrast at the practical viewing 
angle. 

As described above, according to the invention, the 
liquid crystal display panel is provided with a liquid 
crystal monitor cell for' detecting the display contrast. 
The detected results indicative of the light transmission 
intensity of the display panel is fed back to regulate the 
drive voltage applied to the liquid crystal display panel 
to thereby effectively automatically control the display 
contrast to the optimum level. 

What is claimed is: 

1. A liquid crystal display apparatus comprising: 
a liquid crystal display unit having liquid crystal cell 
means for use in detection of display contrast, the 
liquid crystal cell means comprising a pair of liquid 
crystal cells, one held in an OFF state and the other 
held in an ON state, so as to monitor the display 
contrast; 

a photosensor unit for sensing an intensity of light 
transmitted through the liquid crystal cell means 
and for converting the sensed intensity into a corre- 
sponding signal; 

a contrast detecting unit receptive of the correspond- 
ing signal for producing an electric signal indica- 
tive of the display contrast 

a voltage control unit receptive of the electric signal 
for producing an output signal effective to control 
a drive voltage applied to the liquid crystal display 
unit, the voltage control unit including a peak-hold 
circuit for holding a peak of the electric signal to 
produce the output signal effective to control the 
drive voltage; and 

a stabilized power supply unit receptive of the output 
signal from the voltage control unit for supplying a 
stabilized drive voltage to the liquid crystal display 
unit so as to automatically control the display con- 
trast of the liquid crystal display unit. 
* » * • • 
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